Myopia is one of the most prevalent disorders of the eye. Higher myopia is associated with comorbidities that increase risks of severe and irreversible loss of vision, such as retinal detachment, subretinal neovascularization, dense cataract, and glaucoma. In recent years, reports from population-based prevalence studies carried out in various geographical areas now give a clear picture of the current distribution of refractive error. The scarcity of data from well-designed longitudinal cohort studies is still yet to be addressed. These studies have confirmed the previous data indicating that prevalence of refractive error varies according to ethnicity and geographic regions, and also point to an increase in myopia prevalence over the past half-century. The problem is particularly pronounced in affluent, industrialised areas of East Asia. Environmental risk factors for myopia related to socioeconomic status and lifestyle have been identified. The past decade has seen a greater understanding of the molecular biological mechanisms that determine refractive error, giving further support to the belief that myopia is the result of a complex interaction between genetic predisposition and environmental exposures. This review summarizes data on the prevalence, incidence, progression, associations, risk factors, and impact from recent epidemiological studies on myopia.
Myopia is one of the most prevalent disorders of the eye. It causes visual impairment in both children and adults that is usually correctable using optical aids such as spectacles and contact lenses, or through increasingly popular surgical means. Higher myopia may result in comorbidities associated with significantly increased risks of severe and irreversible loss of vision, such as retinal detachment, subretinal neovascularization, dense cataract, and glaucoma. [1] [2] [3] [4] [5] [6] The prevalence, risk factors, and associations of myopia have been well documented. Over the past decade, there has been a number of reports on large-scale population-based prevalence studies carried out in various geographical areas, although the scarcity of data from well-designed longitudinal cohort studies is still yet to be addressed. These studies have confirmed the previous data indicating that prevalence of refractive error varies according to ethnicity and geographic regions. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Recent epidemiological studies also point to an increase in myopia prevalence over the past half-century. Various environmental factors related to socioeconomic status and lifestyle have been reported, and are widely considered to be possibly responsible for these changes. 15, 18, 19 Increasing evidence has also been generated over the past decades in regard to the possible biological mechanisms that determine refractive error, giving further evidence to the theory that myopia is the result of a complicated interaction between genetic predisposition and environmental exposures.
This review serves to summarize data on the prevalence, incidence, progression, associations, risk factors, and impact from recent epidemiological studies on myopia.
How big is the problem
Comparison of prevalence data between studies is frequently complex. Different researchers may categorize their results in different ways, and representativeness of data can be affected by various factors such as response rate and sampling frame. The definition used for the identification of individuals with myopia is of crucial importance. Myopia is generally defined as a spherical refractive error caused by excessive refractive power and/or axial lengthening of the eye, which result in anterior displacement of focus from the retina. 20 In recent epidemiological studies reporting prevalence rates of myopia, although a majority of studies defined myopia as spherical equivalence (SE)r À 0.5 dioptres (D), a wide variety of definitions was adopted for the identification of individuals with myopia: from an SEr À 0.12 D to SEr À 1.0 D. 7, 8, [10] [11] [12] Great variation in methodology, including sampling procedure, cut-off points for definition of age groups, and methods used for measuring refractive error, still exists in recent epidemiological studies on myopia.
Prevalence in children
Many recent cross-sectional studies have reported a considerable variation in prevalence of myopia among children of different ethnic backgrounds, different locations, and different age. A recent population-based cross-sectional study on preschool American children aged 6-72 months reported a myopia prevalence of 1.2% in non-Hispanic whites, 3.7% in Hispanics, 3.98% in Asians, and 6.6% in African Americans. 7, 21 Greater difference in the prevalence of myopia was found in older school-aged children of different ethnicity. The cross-sectional prevalence of myopia in Australian schoolchildren was reported to be 42.7% and 59.1% in 12-year-old and 17-year-old school-aged children of East Asian ethnicity, respectively, whereas the corresponding prevalence rates in European Caucasian children of the same age were 8.3% and 17.7%, respectively. 9 Variations in the prevalence of myopia in children of different geographical areas have also been widely reported. Considerable regional difference exists from country to country even within the same geographical area. Prevalence rates in East Asian and Southeast Asian countries were found to be generally higher than other parts of the world. Recent prevalence surveys in China using cycloplegic autorefraction showed that 16.2% of school-aged children in rural areas of northern China aged between 5 and 15 years were myopic. 22 Comparatively, much higher prevalence rates of myopia were reported from recent studies on schoolchildren of similar age in large metropolitan cities in southern China: 38.1% in Guangzhou 23 and 36.7% in Hong Kong. 24 Myopia seems to be more prevalent among young schoolchildren in Singapore than in southern China. Prevalence of myopia in children aged 7-9 years reported from the Singapore-China study 25 was 36.7% in Singapore, 18.5% in Xiamen City southern China, vs 6.6% in rural Xiamen. In contrast, the prevalence of myopia was much lower in some other countries in East Asia. In rural Mongolian schoolchildren aged 7-17 years, the prevalence of myopia was 5.8%. 26 Only 1.2% of Nepalese children aged 5-15 years were shown to be myopic. 27 
Prevalence in adults
Fewer data are available detailing the prevalence of myopia in adults. The prevalence rates were found to vary with age. Owing to the relative scarcity of data from large-scale cohort studies, a more precise statement might be the prevalence rates of myopia in older adults are generally lower than in younger adults. In the Beaver Dam Eye Study, 28 data collected between 1988 and 1990 showed a significant decrease with age among individuals aged above 43 years. The prevalence of myopia decreased from 42.9% in adults aged 43-54 years to 25.1% in adults aged 55-64 years, further decreased to 14.8% in the 65-to-74-year age group, and then slightly decreased to 14.4% among individuals aged 75 years and above. Another large-scale population-based study in urban Americans aged 40 years or above also showed apparent decline in prevalence of myopia with increased age in females of different ethnicity and the male Whites. However, a bimodal pattern was observed in the prevalence of myopia among African Americans of different age, with the peak prevalence rates found in individuals aged 40-49 years as well as 80 years or above. 29 A similar bimodal pattern of myopia prevalence was found in adult Singaporeans aged 40-81 years. Of the relatively high prevalence of myopia across all age groups in both men and women (range: 25.2-51.7%), the prevalence was also highest among individuals in their forties and seventies. 30 It is still under debate whether this age-related variation in the prevalence of myopia results from longitudinal effects or cohort effects. 31 However, the bimodal distribution is likely owing to differing influences of axial myopia among younger people, and greater index myopia, due to lens nuclear sclerosis in older people (See Figure 1) .
Incidence and progression
The data concerning incidence of myopia from longitudinal cohort studies is still more scarce. According to a recent report of a population-based cohort study on two cohorts of Australian schoolchildren aged 12 and 17 years, the annual incidence of myopia was 2.2% in the younger cohort and 4.1% in the older cohort. The annual incidence rates of myopia in East Asian children (6.9% in the younger cohort, 7.3% in the older) were much higher than in European Caucasian children (younger, 1.3%; older, 2.9%). A remarkable increase in prevalence over time was observed in children of both age groups: from 1.4-14.4% in the younger cohort (over a follow-up period of 6.1 ± 0.8 years) and from 13.0-29.6% in the older cohort (over a follow-up period of 4.5 ± 0.3 years).
According to a review of five nationwide prevalence surveys carried out in Taiwan between 1983 and 2000, the prevalence of myopia steadily and significantly increased among children aged from 7-18 years. The magnitude of increase in prevalence over the 17 years varied between 14% (for children aged between 16 and 18 years) and 262% (for 7-year-old children). 32 A similar trend was reported in another review of change in myopia prevalence over 30 years in the United States between 1971 and 2004. Among all age groups in which the prevalence of myopia was shown to be significantly increased over three decades, the prevalence of myopia in schoolchildren aged 12-17 years increased from 12.0% (between 1971 and 1972) to 31.2% (between 1999 and 2004). 33 A cross-sectional study comparing myopia prevalence over two generations of Singaporean Indians aged over 40 years found the prevalence of both myopia and high myopia in the first-generation immigrants was significantly lower than in the second-generation immigrants (myopia: 23.4% vs 30.2%, high myopia: 2.5% vs 4.8%). 12 The trend towards higher rates of myopia by these previous studies, however, was not replicated in a study in Hong Kong. An analysis of changes over two decades in the prevalence of myopia among Chinese schoolchildren showed similar prevalence rates in the early 1990s and from 2005 to 2010. 13 In Finland, a review of studies in the 20th century showed a (relatively) constant prevalence of myopia in children aged 7-8 years over the recent more than 20 years, whereas the prevalence rate almost doubled in children age 14-15 years. 11 In further contrast to the widely reported trend of increasing prevalence of myopia over recent decades, a retrospective study comparing myopia prevalence of Danish conscripts in years 1882, 1964, and 2004 showed a significant decrease in myopia prevalence over time, 34 although the comparability has been questioned because of difference in study methodologies in different years. 35 
Associations or risk factors of myopia
The exact pathogenic mechanisms of myopia remain unclear. Recent evidence suggests that myopia is likely to result from the combined and interacting effects of hereditary and environmental factors. 36 Many factors have been documented for having possible associations with risks for developing myopia, such as parental myopia, gender, ethnicity, education, occupation, income, near-work load, outdoor activities, lens opacity, and ocular dimensions. 26, 30, 37, 38 Parental myopia Myopia appears to be more frequently seen in children with myopic parents. Mutti and colleagues 39 reported that the proportions of myopia were 6.3% in schoolchildren aged 13.7 ± 0.5 years whose both parents are emmetropic, 18.2% in children with one myopic parent, and 32.9% in children whose both parents are myopic. In this study, the interaction between near work and parental myopia was evaluated to test the hypothesis of inherited susceptibility. No evidence was found to support the hypothesis that children with myopic parents can inherit a susceptibility to the environment. 39 Similar association between parental myopia and the prevalence of myopia was found after adjusting for environmental and demographic factors in another population of 12-year-old schoolchildren in Australia. 40 Children with two myopic parents were also found to have most negative spherical equivalent refraction and longest axial length. Substantially higher odds of myopia were found in children of East Asian than those of European Caucasians in the same population, whereas increased load of near work was not significantly associated with odds of myopia when factors including parental myopia, demographics, and outdoor activities were adjusted for. 40 Another study in Hong Kong also showed that myopic Chinese children aged 5-16 years with a stronger parental history of myopia also had more myopic spherical equivalent refraction and tended to be less hyperopic before the onset of myopia. Different from the findings in Australian children, a stronger parental history of myopia was not associated with longer axial length but was significantly associated with more rapid eye growth and myopic shift in refraction over time. 41 A recent Figure 1 Determinants of refraction in adult Singaporeans. This graph shows cross-sectional data for mean axial length (AL) and mean LOCS nuclear opacity (NO) lens grade in a Chinese Singaporean population aged 40-82 years. NO grade increases linearly with age, whereas there is a clear pattern for axial length to be longer in younger people. The AL differences presumably reflect a cohort effect with each age-group having static, lifelong differences in axial length, rather than indicating an age-related decline in AL. The population % myopia is shown in overlay, and appears to show a greater effect of AL on refractive status in people aged 40-59 years. From the age of 60, the impact of nuclear opacity grade (NO) increases, resulting in a greater impact of 'index myopia'. study in Guangzhou, China showed the existent but small impact of parental myopia on the prevalence of myopia in 15-year-old children. Compared with children without myopic parents, those with one myopic parent are twice as likely to be myopic, and those with two parents myopic are three times more likely to be myopic themselves. 42 Although more severe parental myopia results in increased risk of myopia in children, the impact of parental myopia on high myopia in children remains undetermined. 43 
Socioeconomic factors
Population-based prevalence studies showed increased prevalence of myopia in Singaporeans with higher levels of education, better housing, higher individual monthly income. and occupations associated with near work after adjusting for age and gender. 44 Higher odds for myopia were also found in Korean children from families of higher income. 45 Myopic children were also found to have a stronger parental history of myopia in families with higher parental level of education, higher income, and white collar or professional occupations. 42 Near-work and outdoor activity Near-work activities, such as reading, writing, computer use, and playing video games, have been suggested to be possibly responsible for the remarkable increase in the prevalence of myopia 40 as well as increased odds for myopia. 46 However, there also have been some studies reporting a weak or absent association between heavier load of near work and the prevalence or incidence of myopia, 39,46 especially early myopia. 47 A cohort study in Australian schoolchildren showed that those with incident myopia performed significantly more near work. 48 Measurement of axial length following prolonged near work using IOLMaster showed significantly greater magnitude of increase in axial length in eyes with early-onset myopia or progressing myopia. 49 Outdoor activity, as either a potential prophylactic measure or a possible risk factor, has aroused considerable interest. Although it is still not clear whether outdoor activity can help prevent the onset and progression of myopia, 42 several recent epidemiological studies suggested that greater time spent outdoors might be associated with reduced prevalence of myopia. 50, 51 The underlying mechanism of this association remains poorly understood. The 'light-dopamine' theory was proposed as a possible mechanism. Increased light intensity during time spent outdoors can stimulate the release of dopamine, which has been suggested to be able to reduce axial elongation of the eye. 50, [52] [53] [54] Another recent study on rural Chinese children aged around 15 years found no association between time spent either outdoors or on near activities after adjustment for age, sex, and parental education. 55 Information about nearwork and outdoor activities was collected using a questionnaire survey in most of the studies. Without a universal standardised method of assessment, which produces comparable results across racial, cultural, and geographical boundaries, there is scope for systematic bias influencing results. The quality of data and accuracy of assessment can be affected by many factors, such as definitions of near work, validation of the questionnaire, training of the interviewer, and recall bias.
Impact
Myopia, as the 'most common eye condition', has been shown to have diverse medical, social, and financial impacts. Congenital or acquired high myopia may be accompanied by or result in serious ocular pathologies. 2, 3, 56 Uncorrected myopia has shown to be a major cause of visual impairment as well as compromise in the quality of life. The adverse impacts from myopia may also be reflected socioeconomically considering the loss of productivity owing to visual impairment caused by myopia, the cost of treatment for comorbidities of myopia, and the cost of various ways of correction. 15 According to a most recent report published by the World Health Organization (WHO) 57 primarily based on population data acquired in 2007, using the definition of distance vision impairment as a visual acuity worse than 6/18 in the better eye, there were an estimated 158 million cases of distance vision impairment caused by uncorrected refractive error in 2007. Of the 14 subregions of the world included in the WHO report, the number was highest in the Western Pacific Region (61.9 million) followed by the Southeast Asia Region (54.5 million). The estimated loss in global gross domestic product owing to distance vision impairment caused by uncorrected refractive error was US$202 billion annually, a drastic increase over two decades compared with the statistics reported previously. 58 Another regional cross-sectional investigation revealed a considerable financial burden for myopic individuals in Singapore. 59 It has also been well documented that myopes, especially high myopes, tend to suffer from compromised quality of life owing to various influences from functional, psychological, cosmetic, and financial factors. [60] [61] [62] Individuals with high myopia were reported to have significantly lower vision-related quality of life than those with none, mild, or moderate myopes. 60, 61 The vision-related quality of life in those with high myopia could even drop down close to that of patients with severe corneal pathologies. 60 Myopia, especially high myopia (often defined as SEr À 6.0 D), has been associated with various ocular comorbidities. Vitreoretinal pathologies, especially peripheral pathologic changes in the retina, are wellrecognized conditions related to high myopia. In a crosssectional study, up to 61.7% of highly myopic eyes were found to have peripheral retinal change. The most common pathologies included optic nerve crescent (52.5%), white-without-pressure (51.7%), lattice degeneration (5.8%), microcystoid degeneration (5%), and pigmentary degeneration (4.2%). 63 High myopia was also suggested to be associated with bilateral rhegmatogenous retinal detachment, a condition of very severe visual morbidity. 3 Highly myopic eyes with increased axial length were found to be more predisposed to nuclear cataract. Compared with normal controls, high myopes also tended to have cataract of higher nuclear density. 1 This is in accordance with findings from a population-based study in Singapore, which found myopia being significantly associated with both nuclear and posterior subcapsular cataract. 44 High myopia was reported to be associated with idiopathic focal subretinal neovascularization. 56 In conclusion, myopia is one of the most common disorders of the eye. Its prevalence is increasing alarmingly in East Asia's rapidly developing economies, such as China. Various environmental risk factors related to socioeconomic status and lifestyle have been identified, and appear strongly associated with these changes. Evidence has also been generated over the past decade in regard to the molecular biological mechanisms that determine refractive error, lending further weight to the theory that myopia is the result of a complicated interaction between genetic predisposition and environmental exposures. Measures to control this epidemic of disease are urgently needed.
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